Helical structure and orientation of melittin in dispersed phospholipid membranes from amide exchange analysis in situ.
A trapping method combined with high-resolution nuclear magnetic resonance spectroscopy is described for the measurement of hydrogen-deuterium exchange rates for individual amides of polypeptides bound to fully hydrated, dispersed phospholipid bilayers. Exchange rates were measured for 22 of the 24 amide hydrogens of bee venom melittin bound to bilayers composed of egg phosphatidylcholine/phosphatidylserine (88:12, mol/mol) dispersed in 20 mM sodium acetate, pH 4.0. Amides of residues 5-11 and 16-22 had exchange rates suppressed by between 30- and 1000-fold, and the rate suppression exhibited a helical periodicity with amides on the hydrophobic helix face up to 20-fold more stable than those on the hydrophilic face of the helix. These results demonstrate that under the conditions studied melittin adopts a helical conformation with stable helical hydrogen bonds extending to residue 22 and that the helix is oriented with the hydrophobic face directed toward the membrane interior.